Introduction

1
Novel food technologies (NFTs) are scientific and technological developments that 2 enhance the way food is produced or processed, which may or may not result in 3 differentiated products for consumers. The public perceive and evaluate both 4 technologies and food in numerous, and sometimes unexpected, ways based on 5 associated meanings that are socially constructed and strongly embedded, i.e. shaped by 6 prior beliefs and expectations. Given the wide array of influences that can intersect and 7 interact in the evaluations of NFTs, it is not surprising that they are not all equally 8 acceptable or homogeneously evaluated. 9 To date, these technologies have been met with mixed public responses. A review 10 commissioned by the FSA, UK (Fell et al., 2009) found that the majority of Europeans 11 tend to be undecided in their opinions or feel inadequately informed to establish 12 definitive opinions, while a minority are either strongly negative or positive. Negative 13 reactions to irradiated and genetically modified (GM) foods highlight that acceptance 14 cannot be assumed (Henson, 1995; Shaw, 2002) and lack of acceptance can result in 15 significant financial and other losses (Macoubrie, 2006) . Public wariness of NFTs is 16 sometimes explained by the evaluative criteria applied, which Cardello et al. (2007) 17 describes as involving perceived rather than actual risks. In fact, Shepherd (2008: 236) 18 suggests that the public may have concerns about food related risks which are outside 19 the "risk framings" imposed by scientists and regulators. Communication based on 20 meaningful recognition of public concerns may enhance interaction and engagement 21 between stakeholders, in turn facilitating more informed public decision making about 1 NFTs (House of Lords, 2010). Many have argued the importance of identifying and 2 incorporating the views of the public at an early stage of technological and product 3 development (Siegrist et al., 2008) , since their perspectives can directly (e.g. through 4 outright rejection) and indirectly (e.g. through the imposition of stricter regulations) 5 impact the progress of these technologies (Siegrist, 2010) . Given the considerable scale 6 of investment required to develop these technologies, which is frequently funded by the 7 tax payer, it is important to determine the common features underpinning public 8 attitudes towards them, prior to their development/ commercialisation. which assume that the attitudes under investigation are stable. Several of these studies 12 have presented models which offer a valuable point of departure for this research. These 13 models suggest that attitudes to nature and technology, perceived knowledge of the 14 technology, social trust and the affect heuristic, among other determinants, are 15 significant predictors of risk and benefit perceptions, and in turn overall attitudes 16 towards and willingness to purchase GM and nano foods (e.g., Bredahl, 2001 ; Chen & 17 Li, 2007, Siegrist et al., 2007) . 18 A considerable body of work exists that considers the issue of acceptance of NFTs. 19 This work suggests that citizen acceptance is influenced by factors such as knowledge 20 of the technology (Cardello et al., 2007) ; heuristics, particularly trust and perceived These influences can be classed as either top-down or bottom-up (Bredahl, 2001 ; 7 Grunert et al, 2003). Cultural and social norms (Ronteltap et al., 2007) and general 8 attitudes and values, including attitudes towards science and technology, nature and the 9 environment and ethical and moral concerns (Bredahl, 2001 ; Kahan et al., 2007; Rollin 10 et al., 2011) are commonly cited top-down influences that can shape risk and benefit 11 assessments and also directly shape evaluations of NFTs. Slovic (1987) notes that initial 12 evaluations, framed by these top-down influences, become a core part of final positions 13 taken on a technology, irrespective of any additional contra-evidence presented. That 14 said, information and the sources of such information can impact citizens' attitudes in a 15 variety of ways (Gunes & Tekin, 2006; Rollin et al., 2011) . 16 Focusing on attitude formations, this research explores citizens' evaluations of NFTs 17 in an effort to understand emerging attitudes. Ajzen and Fishbien (1977: 889) argue that 18 "a person's attitude represents his evaluation of the entity in question"; however, the 19 operationalization of information processing and formation of attitudes are topics of on- 20 going debate. Broadly examining these issues, attitude formations are guided by the 21 processing of accessible information (Bohner & Dickel, 2011) . Previously held attitudes 1 also influence how information on a new concept is processed and thus the formation of 2 new attitudes (Conrey & Smith, 2007) . 3 Many authors within the area of social psychology define "attitudes" as relatively 4 stable entities formed based on associations and evaluations "stored in memory", while 5 others define them as relatively unstable entities and focus on the "temporary 6 constructions" guiding attitude formations (see Bohner & Dickel, 2011 connectionist" perspective, which assumes that attitudes occur from the reconstruction 10 of unique configurations of inputs (contextual cues) drawn upon within given contexts.
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They argue that attitudes are "time-dependent states of the system rather than as static 12 'things' that are 'stored' in memory", thereby supporting the premise that attitude 13 formations occur "on the spot" and are more open to change (Ibid: 718). 14 The provision of information is a key element in the formation of attitudes and thus 15 information processing. Ortony et al. (2005) NFTs, i.e. theoretical saturation was achieved.
12
In addition to the deliberative discourse, participants completed pre-and post-13 discourse interviews (the latter averaging 25 minutes in length) with the researcher, to 14 determine their knowledge before and perspectives after participating in the discourse.
15
The post-discourse interview was an effective means of member checking participants' 16 views. Overall, this multi-method approach involved three interactions with each 17 participant. A detailed "discourse guide" was prepared for the scientists to help them to 18 navigate through the discourse process and to ensure consistency, i.e. a similar structure 19 and context, across the discourses. The guide provided the framework for the two-way immediately prior to the discourse. This summary sheet included some factual (neutral) 8 information about the technology, thereby ensuring that participants had a minimum 9 standard level of information and basic awareness about the technology in advance of 10 the discourse. 3 During the discourse, the participant considered the initial information 11 provided and questioned the scientist regarding this. The scientist then added 12 information that the participant reacted to and reflected on. An excerpt from one of the 13 discourse transcripts in included in Appendix 1 to illustrate the format of the interaction. 14 In considering the influence of potential 'bottom-up' features on evaluations of 15 NFTs, the scientists presented a number of pre-defined hypothetical, albeit topical, 16 scenarios of applications of the relevant technology. 4&5 Naturally, the focus of the 17 3. The summary sheets were piloted on a range of individuals from different socio-demographic backgrounds to ensure clarity and comprehension and circulated to the relevant participating scientist for review and comment. The summary sheets are available on request from the authors. 4. The scenarios were developed following a review of literature, project team deliberation and consultation with the participating scientists. The hypothetical scenarios are available on request from the authors. 5. The scientists stressed that the scenarios were hypothetical to ensure participants understood that the risks and benefits presented were only discussion points and some of the product examples are not available on the market at present. discussion within each discourse group centred on the attributes most relevant to the 1 scenarios presented. Importantly, all scenarios (summarised in Table 1) 
Nanotechnology Discourses
Genetic Modification Discourses
Food Irradiation Discourses Scenario 1
Food processing: removing unhealthy ingredients without compromising taste
Food processing: using a GM processing aid in cheese production in place of rennet
Irradiating fresh fruits and vegetables (at low doses) to prolong shelf life
Scenario 2
Food processing: adding healthy ingredients without compromising taste
Agricultural production: growing GM wheat crops
Irradiating spices (at lowmedium doses) to kill insects/ reduce microorganisms and bacteria
Scenario 3
Food packaging: to increase shelf life and indicate food spoilage etc.
Animal production: breeding a GM pig that is healthier and more environmentally friendly
Applying irradiation (at medium doses) to meat products to kill disease causing micro-organisms (e.g. E-coli)
Scenario 4
Food production: nanocoatings on machinery to increase food safety and reduce the need for cleaning agents Food production: enhancing food products (e.g. the shelf life and health characteristics of fruits) through genetic modification
Applying irradiation (at high doses) to sterilise foods for consumption by specific consumer groups 7 Citizens were probed (see Table 2 ) at each stage of scenario expansion to ascertain 8 their evolving evaluative processes in light of additional information.  What kinds of people do you think would be interested in such food products?
 Has this additional information modified your views in any way?
 How should such products be regulated in your opinion?
 How important do you consider the labelling of these types of food products to be?
 In your opinion, should industry adopt this technology?
The lead researcher observed the discourses, as a non-participant. were grouped together and reviewed for consistency, variability and emergent patterns 6 as part of a consultative process. This iterative analytic process ultimately led to the 7 emergence of the themes outlined. has to be exercised" (Nano3). The sense of unease around the development of the 12 technologies is evident in the precautionary stance displayed and questioning as to 13 where the limits lie in terms of humans' interference in nature. will lead onto?" (Nano1, Post-Discourse Interview). That said, for those whose beliefs 1 centre on maintaining traditions and natural processes, these beliefs are in conflict with 2 a desire to support the fostering of scientific progress and developments. 3 Life experiences offer a mechanism for processing information, and existing 4 understandings of one's social world is a platform for interpretation of the technologies. important where personal control is perceived to be lacking. 13 fashioned by personal orientations, a tendency towards lower concern is evident in cases 4 of low levels of perceived knowledge uncertainty. In particular, the prolonged debate 5 and media discourse around GM foods contribute to a less anxious response: "10 years The lack of evidence of associated dangers supports positive evaluations: "There's 10 
Uncertainty and need for information
no stories coming out saying that these [GM] foods are harmful. (…) I don't see the
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harm in them at the moment" (GM2). In the case of a long established NFT that has 12 received little media attention, the duration of its existence is taken into account: "I 13 think after 30 years we might know that something was particularly bad" (Irradiation2). 10 a need for labels" (Irradiation3). Therefore, while some attempt to limit knowledge 11 uncertainty through information seeking, others use heuristics and tend to display 12 emotional reactions. 13 18 it, it's safe" (Irradiation5). Individuals' perceptions of low personal control/power are 19 offset, to varying degrees, by their trust in other stakeholders to ensure protection 20 against potential risks. Desiring personal control over exposure to such risks is tempered 21 with a recognition that this had to be ceded to regulators, due to perceived personal 1 inability to assess safety risks. 2 However, concerns with safety are pervasive and evidence of the need for a 3 precautionary approach is, once again, evident: "It's all about being tried and tested" 4 (Nano4). The need for adequate regulation, transparency and risk assessments is 5 stressed and "rigorous testing" and safety assurances are demanded. In fact, positive 6 evaluations are based on the assumption that the NFTs will be adequately regulated. Perceived relevance and necessity within contexts 8 The perceived relevance of related product benefits to the individual, their family, 9 society, the environment and other stakeholders, and the perceived necessity of the 10 technology applications, impacts openness to the technology. This openness, however, 11 depends on individuals' overall values and priorities. For example, some feel that, 12 subject to any associated risks being adequately addressed, NFT foods that can enhance 13 the health of the nation should be welcomed: If it [a health promoting nanofood] will 14 improve people's lives, well and good" (Nano3). In fact, if societal benefits are viewed 15 as great enough, personal reservations are set aside and, while not necessarily willing to 16 purchase such products, they believed that they should be made available: "For myself 17 
wouldn't bother me (…) the fact that it was…the food was irradiated (…) I wouldn't see
Trust, regulation and assurances of safety
(…) I wouldn't like that [GM crops]. But again I am also aware of (…) the third world
employees] wouldn't be as high on the list as knowing what I have on my plate
11
or…what I give to whoever in the family is safer. (…)…that they are not going to get E-
12
coli from me not cooking it very well" (Irradiation2). 13 Not all applications are viewed as offering additional benefits, and in these cases, 14 their necessity is questioned, in part due to the perceived adequacy of current food 15 products. For example, some consider it unnecessary to enhance the health 16 characteristics of fruit and vegetables, while others view food safety levels and/or shelf 17 life to be at a satisfactorily high standard: "I haven't heard of anybody who is dying or 18 in serious trouble because of the way that they are producing food at the moment" know about yet (…) It's hard to measure up the two things" (GM2). 7 The emerging trade-offs derive from individuals' classifications of the technologies 8 and related product characteristics, which are more broadly impacted by the personal 9 orientations previously outlined. Furthermore, the dynamics of these trade-offs mould, 10 in turn, how individuals create "meanings" around the NFTs. technologies. 13 Evaluations of these unfamiliar technologies seem to be based on what is known. In 14 fact, a tendency is evident to superimpose the NFTs on pre-existing interpretive 15 schemas, e.g. irradiation to x-rays and cancer. In some cases, this may result in 16 misinterpretation of the information presented. Word associations also support the 17 formation of interpretative schemas. Specific images are generated by individuals 18 around the technologies. For example, images conjured include: the "injection of 19 substances into food" (genetic modification), "tiny robots" and computers 20 (nanotechnology), and "radiation" (food irradiation). In fact, the image associations 21 and superimposed interpretative schemas are so strong for "irradiation" that they act as In fact, an internal tension is evident, with concern about these technologies being set 14 against evidence of the success and benefits of more well-established food technologies: 15 "Now…I would much prefer to buy pasteurised milk rather than unpasteurised milk. So 16 it [nanotechnology] may go the same way you know" (Nano3, Post Interview). Indeed, 17 while desiring a precautionary approach, it is suggested that it is "unfair" that these 18 NFTs have to "prove" themselves through testing, while technologies already in use do 19 not: "We don't know the effects of the old stuff either (…) It would be slightly unfair to 20 suddenly say it's the new stuff causing the problems" (Nano6). 21 While evaluations often appear to be based on the use of interpretative schemas, 1 emotive reactions are also displayed in an effort to "make sense of technologies", 2 particularly when personal orientations guide evaluations. Affective reactions appear 3 particularly dominant when individuals lack, or perceive themselves to lack, the ability 4 or motivation to understand the information presented, particularly the scientific 5 knowledge to justify their negative opinions: "It's lack of knowledge linked with this. 6 (…) So fear comes in or some pre-conditioning" (Nano3). Individuals display both 7 "rational" and "logical" responses guided by reflective processing and also "emotional aforementioned influences. Specifically, irradiating meat to increase food safety is 13 generally considered more acceptable than irradiating fruit to prolong shelf life. GM 14 plant applications are also considered more acceptable than GM animal applications, 15 due, in part, to perceptions of unnaturalness. These rule books are an important "tool" 16 drawn upon to provide a scaffold for contextualising information and constructing 17 meanings around the technologies. Need for cognition appears to vary, with some relying more on heuristics than others. information. While they recognise that they are unfamiliar with the processes that the resulting in the former being "rationalised" to the point of internal dismissal. Such 1 internal conflicts appear on-going and there is a broad spectrum upon which they exist. area. Specifically, it provides insights into citizens' evolving evaluative processes, 10 illustrating the complexity and conundrums in their thinking, which may in turn present 11 as attitude ambivalence. Furthermore, it draws attention to the on-going necessity to 12 qualitatively investigate, as well as quantitatively confirm, citizens' attitude formations 13 towards, in addition to assessments of, these technologies; as the stability of such 14 attitudes cannot be assumed. Nano Scientist I'll talk a bit about what…what I…I am doing and I have been doing so far. (…) Then I might ask you just to introduce yourself, what…what your background is. I'll give you a bit of an introduction on nanotechnology. And then Gráinne prepared four scenarios…imaginary really you know. And we just talk about that…and just want to get your opinion on it and …positive or negative it doesn't…it doesn't really matter to me. It doesn't …I am not advocating nanotechnology. Nano Citizen 3
Yes.
Nano Scientist I just try to inform you about it you know. And maybe pros and cons and…just get your opinion on it, you know. Is that OK with you? Nano Citizen 3
That's grand. 
